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Foot venous pressure (FVP) measurement gener-
ally has been used for evaluation of venous insuffi-
ciency of the lower limbs.1-4 Noninvasive techniques,
such as duplex scanning, photoplethysmography, and
air plethysmography also have become popular alter-
native methods of analyzing venous insufficiency but
still have some shortcomings.5-7 Ambulatory venous
pressure has been considered to be the standard for
evaluation of venous insufficiency, because venous
hypertension is the main factor predisposing to
venous stasis.3,4 Ambulatory venous pressure alone,
however, does not provide enough information on
venous hemodynamics. Therefore various other FVP
measurements have been introduced to assess the
severity of venous insufficiency.8,9 We investigated
the utility of FVP measurement in the evaluation of
venous insufficiency of the lower limb. 
METHODS
From January 1991 to December 1995, 148
limbs of 101 patients with venous insufficiency
associated with varicose veins were assessed. There
were 35 men and 66 women ranging in age from 19
to 80 years (mean 58 years). Secondary varicose
veins caused by deep venous thrombosis were
excluded. Ascending phlebography, in which a 21-
gauge butterfly needle was inserted into the medial
digital vein of the great toe, was performed on all
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limbs to evaluate the entire venous system. When
the deep venous system was not clearly visualized
with this method, a direct phlebographic procedure
we developed was performed on 11 limbs.10 In this
procedure, the common femoral vein was punc-
tured downward with a 14-gauge polytetrafluo-
roethylene (PTFE; Teflon) catheter. After retro-
grade insertion of the guide wire across the venous
valve into the deep veins, the 4F catheter was intro-
duced over the guide wire, and 15 to 20 ml of low-
osmolar contrast medium was injected directly in
the deep veins. With this phlebographic technique,
we obtained clear visualization of the deep venous
system and a definite diagnosis of incompetence of
communicating veins.10
Descending phlebography, in which a 20-gauge
long needle was inserted into the common femoral
vein, was performed by means of a Valsalva maneu-
ver on all limbs for evaluation of deep venous
reflux.11 Sixty-eight limbs had primary varicose veins
with no deep venous reflux, and the other 80 limbs
had primary varicose veins associated with deep
venous reflux. All limbs underwent FVP measure-
ment for quantitative evaluation of venous insuffi-
ciency. FVP data were compared with clinical sever-
ity and extent of deep venous reflux. 
Measurement of foot venous pressure. The
21-gauge butterfly needle inserted into the medial
digital vein of the great toe for ascending phlebog-
raphy was connected to a transducer for continuous
recording of FVP. Resting FVP was first measured
with the patient standing on the unexamined leg
with the knee joint of the examined leg slightly
flexed. The calf was manually compressed 10 to 12
times. As a result, FVP decreased and reached a
plateau, defined as postcompression venous pressure
(PCVP). 
The percentage decrease in FVP (%drop) was cal-
culated as resting FVP minus PCVP divided by rest-
ing FVP. As FVP recovered after release of compres-
sion, the following parameters were measured: pres-
sure 4 seconds after release of compression (4SP), rate
of increase in FVP during the 4-second period [4SR%
= (4SP – PCVP) ÷ (resting FVP – PCVP)], and time
for 50% recovery of FVP from PCVP (RT50).8,12
With two narrow rubber tourniquets on the upper
thigh and above the knee to occlude the superficial
veins, these parameters were obtained a second time
(Fig. 1). Occlusion of the superficial veins only and
patency of the deep veins were confirmed with duplex
scanning. Fourteen limbs of healthy volunteers (25 to
32 years, mean 28.5 years) with no varicose veins were
used as controls. The data for this group were as fol-
lows: PCVP 25.2 ± 4.9 mm Hg; %drop 71.8 ± 5.1%;
4SR% 13.1 ± 7.8%; RT50 20.1 ± 10.6 seconds; RT90
41.6 ± 28.7 seconds. 
Clinical features. The clinical features of
venous insufficiency were assessed according to the
clinical, etiologic, anatomic, and pathophysiologic
(CEAP) classification of the American Venous
Forum (1994).13 The categories were as follows:
class 0, no visible or palpable signs of venous disease;
class 1, telangiectasis or reticular veins; class 2, vari-
cose veins; class 3, edema; class 4, skin changes
ascribed to venous disease (pigmentation, venous
eczema, lipodermatosclerosis); class 5, skin changes
as defined earlier with healed ulceration; class 6, skin
changes as defined earlier with active ulceration. In
this series, 10 limbs were in class 6, one was in class
5, 22 were in class 4, three were in class 3, 104 were
in class 2, and eight were in class 1. 
Treatment. Five limbs in class 1, 40 limbs in
class 2, and three limbs in class 3 were managed with
wearing of elastic stockings. Sclerotherapy was per-
formed on 45 limbs (three in class 1, 39 in class 2,
and three in class 4). Twenty-five of these limbs (22
in class 2, three in class 4) were treated with con-
comitant high ligation of the saphenous veins. At the
time of the operation, stripping of the saphenous
veins with excision of the varicose veins and ligation
of incompetent perforators was performed on 50
limbs (25 limbs in class 2, 19 limbs in class 4, six
limbs in class 6). Five limbs (one in class 5 and four
in class 6) were treated with additional subfascial lig-
ation of incompetent perforators for healed or active
ulcers. In regard to deep venous reflux, 19 limbs
(seven limbs in class 2, six limbs in class 4, one limb
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Fig. 1. Foot venous pressure measurement. P-rest,
Resting FVP; PCVP, postcompression venous pressure
(ambulatory venous pressure); 4SP, pressure 4 seconds
after release of compression; RT50, time for 50% recovery
of FVP from PCVP; AVP, ambulatory venous pressure.
in class 5, five limbs in class 6) with reflux reaching
below the knee were treated with direct valvuloplas-
ty, and one limb in class 6 was treated with axillary
venous valve transplantation.14,15
Statistical analysis. Data are expressed as mean
value ± SD. Statistical analysis was carried out with
Student’s t test. A p value less than 0.05 was consid-
ered statistically significant.
RESULTS
Relation between skin changes and foot
venous pressure measurements. A higher preva-
lence of skin changes (CEAP classes 4 to 6) due to
venous insufficiency was associated with worse val-
ues of %drop, 4SR%, and RT50. In addition, more
than 50% of limbs with a %drop less than 50%, 4SR%
more than 50%, or RT50 less than 4 seconds showed
skin changes (Table I).
Relation of foot venous pressure measure-
ments to deep venous reflux. All limbs were clas-
sified into three groups according to degree of deep
venous reflux at descending phlebography. Sixty-
eight limbs had no reflux (seven in class 1, 52 in class
2, two in class 3, five in class 4, and two in class 6).
Fifty-five limbs had above-knee reflux (one in class
1, 40 in class 2, one in class 3, 11 in class 4, and two
in class 6). Twenty-five limbs had below-knee reflux
(12 in class 2, six in class 4, one in class 5, and six in
class 6). Values for %drop, 4SR%, and RT50 were
significantly worse in the above-knee and below-
knee reflux groups than in the no reflux group. No
significant differences were found between the
above-knee group and below-knee group (Fig. 2).
With tourniquets on the upper thigh and above
the knee occluding the superficial veins, %drop,
4SR%, and RT50 had a tendency to improve in all
groups. As a result, there was no significant differ-
ence between the above-knee group and the no-
reflux group. However, the below-knee group had
values that remained significantly worse than for the
other two groups (Fig. 3).
Changes in clinical manifestation and foot
venous pressure measurements after sclerothera-
py or surgical intervention. Fifty-two limbs in
preoperative CEAP classes 1 to 3 improved to class
0. Sixteen limbs in class 4 showed gradual improve-
ment in skin changes, and 11 limbs in classes 5 and
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Table I. Relation between skin changes* and foot
venous pressure measurements
Measurement No. of limbs No. of skin changes Percentage
%Drop
<50 6 4 66.7
50-70 47 13 27.7
‡ 70 95 16 16.8
4SR%
<20 82 8 9.8
20-50 41 12 29.3
‡ 50 25 13 52.0
RT50 (sec)
0-4 24 13 54.2
4-10 57 16 28.1
‡ 10 67 4 6.0
%drop, Percentage decrease in foot venous pressure with manual
calf compression; 4SR%, rate of increase in FVP during a 4-sec-
ond period after release of compression; RT50, refilling time for
50% recovery of foot venous pressure from postcompression
venous pressure.
*Classes 4, 5, and 6 in the clinical, etiologic, anatomic, and
pathophysiologic classification.
Fig. 2. Relation of foot venous pressure measurements to deep venous reflux. Values of
%drop, 4SR%, and RT50 were significantly worse in the above-knee and below-knee reflux
groups than in the no reflux group. No significance differences were found between the above-
knee group and below-knee group.
6 showed early resolution of stasis ulcers. In an
attempt to achieve an objective evaluation, we per-
formed FVP measurement on 30 limbs after strip-
ping of saphenous veins (20 in class 2, 10 in class 4),
11 limbs after valvuloplasty (five in class 4, one in
class 5, five in class 6), one limb after valve trans-
plantation (class 6), and three limbs after sclerother-
apy and ligation of saphenous veins (three in class 2).
After treatment, the values of %drop, 4SR%, and
RT50 improved significantly from 68.1% ± 7.5% to
76.5% ± 5.8% (p = 0.012), 33.1% ± 12.9% to 12.7%
± 7.6% (p = 0), and 7.5 ± 4.2 seconds to 20.1 ± 6.5
seconds (p = 0), respectively (Table II). 
DISCUSSION
Several techniques are available for quantitative
evaluation of lower limb venous insufficiency. These
include duplex scanning, strain gauge plethysmog-
raphy, and air plethysmography in addition to con-
ventional phlebography.4-7 Foot venous pressure
measurement is the usual modality in our university
hospital. Among various FVP measurements, ambu-
latory venous pressure (AVP) had been considered
to be the standard for assessing venous insufficien-
cy.2,3,16-21 AVP generally is estimated with a tip-toe
exercise or manual calf compression method. The
tip-toe exercise test more closely duplicates the
physiologic response that occurs in daily living than
does manual calf compression. However, our previ-
ous study and a study by Raju and Fredericks17
demonstrated that the manual calf compression had
a higher reproducibility than the tip-toe technique,
because the latter method had the possibility of
causing extravasation. Therefore we have used man-
ual calf compression to obtain AVP. AVP should
correctly be called the postcompression venous pres-
sure. Our previous study also showed that PCVP
was significantly higher (p < 0.05) among a control
group (27 ± 4 mm Hg) than among a group of per-
sons with varicose veins (23 ± 6 mm Hg). There
was no significant difference in %drop between the
two groups (69.6 ± 4.4% and 70.5 ± 6.4%), respec-
tively.8 This was because the resting pressure, which
correlated well with the patient’s height, was signif-
icantly higher (p < 0.01) among the control group
(90 ± 3 mm Hg, 173 ± 4 cm) than among the vari-
cose vein group (78 ± 7 mm Hg, 158 ± 9 cm).
Therefore we considered %drop to be a more sensi-
tive measurement than PCVP. 
Refilling after release of compression is affected
by various factors, including arterial blood supply,
venous valve insufficiency, and patency of the venous
system. The nonlinear curve obtained for refilling
showed a different gradient of FVP recovery
between the early and late phases after exercise.
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Table II.  Changes of FVP parameters after treat-
ment
% drop 4SR% RT50 (sec)
Preoperative 68.1 ± 7.5 33.1 ± 12.9 7.5 ± 4.2
Postoperative 76.5 ± 5.8 12.7 ± 7.6 20.1 ± 6.5
P-value 0.012 0.000 0.000
Values expressed as mean ± SD
Fig. 3. Relation of foot venous pressure measurements to deep venous reflux with tourni-
quets. With tourniquets, there was no significant difference between the above-knee group and
the no reflux group. However, the below-knee group had values that remained significantly
worse than for the other two groups.
Early refilling is considered mainly a reflection of the
severity of venous valve insufficiency. We used refill-
ing time for 50% recovery of FVP from PCVP
(RT50) and the rate of increase in FVP during a 4-
second period (4SR%) as measurements to evaluate
the severity of venous insufficiency. In Figs. 2 and 3,
4SR% and RT50 are shown to be more sensitive
measurements of venous insufficiency than conven-
tional AVP (PCVP) and %drop. 
The use of tourniquets for quantitative evalua-
tion of deep venous insufficiency is unreliable. We
used a narrow type of rubber tourniquet placed
around the thigh above the knee, and confirmed
occlusion of the superficial veins and patency of the
deep veins by use of duplex scanning or Doppler
ultrasonic flow detection. In spite of these means,
the tourniquet data were relatively scattered and
showed a rather large standard deviation (Figs. 2 and
3). We believe further investigation is mandatory for
this point. 
This study showed that a higher incidence of skin
changes due to venous stasis was associated with a
lower %drop, higher 4SR%, and shorter RT50.
These FVP measurements closely reflected the clini-
cal manifestations. When %drop was less than 50%,
4SR% was more than 50%, and RT50 was less than 4
seconds, the venous stasis syndrome was found in
more than 50% of the limbs. 
Regarding management of varicose veins of the
lower limbs, good results have generally been
obtained with stripping or sclerotherapy. However,
recurrence of varicose veins and refractory stasis
ulcers can sometimes occur when associated deep
venous valvular insufficiency is ignored.22 Therefore
it is important to make an accurate diagnosis and
evaluation of the deep veins before surgical inter-
vention. In limbs with deep venous reflux, %drop,
4SR%, and RT50 showed significantly worse values
compared with limbs without reflux. However, no
significant difference was found between above-
knee reflux and below-knee reflux. This indicated
that reflux in the superficial veins most often
accompanied deep venous reflux. With tourniquets
on the upper thigh and above the knee to occlude
the superficial veins, the 4SR% and RT50 values
were significantly improved in all limbs. However,
in limbs with below-knee reflux, these values
remained significantly worse compared with those
for limbs with above-knee reflux or no reflux. This
suggested that the venous hemodynamics of limbs
with severe deep venous reflux were not sufficiently
improved even after the superficial veins were
occluded. Limbs with severe deep venous reflux
may require deep vein reconstruction for improve-
ment of venous hemodynamics. Such a result sup-
ports Kistner’s opinion on the surgical indications
for deep venous reflux.14
On the basis of these results, we have performed
deep venous valve reconstruction for deep venous
reflux that reaches below the knee. For primary
valvular insufficiency due to prolapse or elongation
of the deep venous valves, internal valvuloplasty (in
which the valve cusps are reefed and suspended at
both commissures through a vertical venotomy) was
performed on the highest valve of the superficial
femoral vein.14 For secondary valve defects associat-
ed with postthrombotic syndrome, axillary venous
valve transplantation was done.15 These surgical
interventions markedly improved the clinical mani-
festations and FVP measurements. In conclusion,
FVP measurements showed a good correlation with
clinical severity and degree of venous reflux and
were very useful for evaluating the outcome of ther-
apy for venous insufficiency. 
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